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BRIEF REPORT
Oxygen saturation or respiratory rate to improve risk stratification in hemodynamically stable patients with acute pulmonary embolism 
Essentials
• In acute pulmonary embolism (PE), risk stratification is essential to drive clinical management.
• Improving the 2014-ESC risk stratification strategy is crucial in hemodynamically stable patients.
• Oxygen saturation and respiratory rate improve risk stratification in hemodynamically stable PE.
• Simple and routine tests improve risk stratification of hemodynamically stable PE.
Summary. Background:
In patients with acute pulmonary embolism (PE), risk stratification for short-term death is recommended to drive clinical management. A risk stratification strategy combining the simplified Pulmonary Embolism Severity Index (PESI), echocardiography and troponin was proposed by the European Society of Cardiology (ESC) in 2014. Keywords: anticoagulants; mortality; pulmonary embolism; risk stratification; venous thromboembolism.
Introduction
Risk stratification for short-term death is recommended to drive clinical management in the acute phase of patients with acute pulmonary embolism (PE) [1, 2] . In 2014, the European Society of Cardiology (ESC) proposed a risk stratification strategy for patients with acute PE [2] [3] .
The aim of this study is to assess whether the accuracy of the 2014 ESC risk stratification strategy in predicting 30-day mortality in hemodynamically stable patients with acute PE can be improved by adding serial levels of oxygen saturation or respiratory rate.
Methods
Prospective cohorts of consecutive patients with symptomatic confirmed PE observed at the study centers within different time frames (all between January 2015 and May 2017) were merged in a collaborative database.
Hemodynamically stable patients were included in this study if data on the simplified PESI score, oxygen saturation in air at admission, right ventricle dysfunction (RVD) and serum troponin were available [4] . Hemodynamic stability was defined as absence of shock or sustained hypotension [2] . Acute RVD was assessed by either echocardiography or computed tomography angiography [5] . Serum troponin levels were assessed by local assays. All patients gave informed consent for inclusion in the individual cohorts.
Death and PE-related death by 30 days were assessed. PE-related death was locally adjudicated based on autopsy, on objective testing performed before death or as sudden death that could not be explained by a more compelling alternative diagnosis.
Measurements
The following were evaluated.
1 Oxygen saturation in air by pulse oxymetry: (i) as a continuous variable to assess its main determinants and its association with the severity of PE; and (ii) as a dichotomous variable to assess whether its combination with the 2014 ESC strategy has additional prognostic value. The predictive value of a cut-off value of 88% for oxygen saturation, which is lower than that already included in the simplified PESI score, was tested. 2 Respiratory rate: (i) as a continuous variable to assess its main determinants and its association with the severity of PE; and (ii) as a dichotomous variable to assess whether its combination with the 2014 ESC model has additional prognostic value. The cut-off value of ≥ 30 breaths per minute was identified based on its known predictive value [6] .
Univariate general linear models were used to assess determinants of oxygen saturation and respiratory rates.
Cox regression analysis was used to calculate the risk of death in different risk categories according to (i) the 2014 ESC model, (ii) the combination of oxygen saturation with the 2014 ESC model and (iii) the combination of respiratory rate with the ESC model.
The c-statistic and the discrimination slope [7] were used to assess the ability of the original and modified 2014 ESC model to correctly classify hemodynamically stable patients into different risk categories.
The net reclassification improvement (NRI) obtained by adding oxygen saturation of < 88% or respiratory rate of ≥ 30 breaths per minute to the 2014 ESC model was also calculated [8] . The event and non-event NRIs were calculated separately.
Assuming a rate of death and PE-related death of 7% and 4%, respectively, we estimated that by including 900 patients in the study we would have the power to assess the incremental prognostic value of oxygen saturation or respiratory rate in addition to the 2014 ESC model for the study outcomes.
Results and discussion
Overall, 946 hemodynamically stable patients were included in the study out of 1427 evaluated patients ( Table 1 ). The main reasons for exclusion were lack of oxygen saturation in air at admission (426 patients) and hemodynamic instability (51 patients). According to the 2014 ESC strategy, 255 patients (27%) were categorized as low risk, 510 (54%) as intermediate-low risk and 181 (19%) as intermediate-high risk.
The mean oxygen saturation in air at admission was 92 AE 6%. Oxygen saturation was < 90% in 255 patients (27%) and < 88% in 157 (17%). Oxygen saturation at admission differed by age or chronic obstructive pulmonary disease (COPD) but not by systolic blood pressure.
Respiratory rate at admission was available in 423 patients and was ≥ 30 per minute in 36 patients (8.5%). Respiratory rate at admission differed by concomitant COPD but not by age or systolic blood pressure. Both oxygen saturation in air and respiratory rate were associated with the severity of PE.
Death by 30 days occurred in 74 patients (7.8%): in 1.2% of low (reference category), 10% of intermediatelow (HR, 8.6; 95% CI, 2.7-27.6) and 11% of intermediate-high-risk patients (HR, 9.0; 95% CI, 2.7-30.4).
In intermediate-risk patients, 19.7% and 7.5% of those with oxygen saturation < 88% and ≥ 88%, respectively, died by day 30. In intermediate-low-risk patients, 18.5% and 8.0% of those with oxygen saturation < 88% and ≥ 88%, respectively, died by day 30. In intermediate-highrisk patients, 21.7% and 5.8% of those with oxygen saturation < 88% and ≥ 88%, respectively, died by day 30.
Oxygen saturation in air < 88% was an independent predictor of death (HR, 2.5; 95% CI, 1.57-4.07), with incremental prognostic value to the 2014 ESC model. Oxygen saturation in air < 88% at admission was an independent predictor of PE-related death (HR, (Fig. 1) .
PE-
In patients classified at intermediate risk of death according to the 2014 ESC model, the overall NRI at 30 days improved by 21% for death (P = 0.004) and by 32% for death as a result of PE (P < 0.001) by adding oxygen saturation < 88% to RVD and/or increased troponin (Table 3 ). The improvement in NRI was of 18% (P = 0.02) and 29% (P < 0.001) by adding respiratory rate ≥ 30 breaths per minute to RVD and/or increased troponin.
This study shows that oxygen saturation in air < 88% or respiratory rate of ≥ 30 breaths per minute improves the accuracy of the 2014 ESC risk stratification strategy in identifying hemodynamically stable patients with acute PE at increased risk of death or PE-related death at 30 days. The relevance of these findings is mainly related to the ease of evaluation and prompt availability of the evaluated predictors.
Several studies showed that more than 50% of patients with acute PE are hemodynamically stable at presentation and are not at low risk of death according to clinical models [4, [9] [10] [11] . In these 'intermediate-risk' patients, several predictors for death have been identified but their clinical value and their optimal use (alone or in combination) are debated [12] [13] [14] [15] [16] [17] [18] . The combination of the simplified PESI with markers of RVD and injury does not adequately identify groups of intermediate-risk patients with different risks of 30-day mortality [5] . According to our results, oxygen saturation in air < 88% or respiratory rate of ≥ 30 breaths per minute increases the sensitivity of the 2014 ESC strategy in identifying intermediate-highrisk patients by 15% or 26%, respectively. This 'revised' model allows the stratification of intermediate-risk patients into two groups: one with 30-day mortality lower than 10% and one with 30-day mortality of nearly 20%. In the hypothesis of a severity-driven management, the clinical benefit of treatment upgrading in hemodynamically stable patients with oxygen saturation < 88% or respiratory rate ≥ 30 warrants evaluation.
Our results are in keeping with those from a post-hoc analysis of the PEITHO study in hemodynamically stable patients with acute PE [19] . This analysis showed an improvement in risk stratification by modifying the cutoff values of other continuous variables in the 2014 ESC model (i.e. heart rate or systolic blood pressure). These results support the hypothesis of a continuum of severity identifiable by the variation of simple and readily available parameters. Even though 0 optimal 0 cut-off of a predictor may vary across different studies because of differences in study populations, settings, management strategies and outcome assessment, and in the same patient at different time periods, reaching a standardization and harmonization of this continuum of risk stratification is crucial for everyday clinical practice.
Oxygen saturation is a component of the simplified PESI score [4] . Oxygen saturation at baseline < 90% identifies non-low-risk patients according to the simplified PESI score. By adding a further cut-off value for oxygen saturation (< 88%) we were able to identify a subgroup of intermediate-high-risk patients for both death and death as a result of PE. Respiratory rate is included in the original PESI score but not in the simplified PESI score. Our study shows that when simplified PESI is used to identify low-risk patients, respiratory rate ≥ 30 is able to identify intermediate-high-risk patients for death and PE-related death.
Our results are pathophysiologically plausible. Hypoxia-mediated vasoconstriction is one of the causes of pulmonary hypertension in PE. Acute pulmonary hypertension is a determinant of acute right heart failure in PE. In our study, the reduction of oxygen saturation in air was related to the severity of PE.
This study has some limitations. About 30% of the evaluated patients were excluded from the study; distribution in risk class and mortality rates were similar in excluded and included hemodynamically stable patients. Despite the inclusion of more than 900 hemodynamically stable PE patients in the study, some risk categories remain under-represented and this could weaken some of the study findings because of lack of statistical power. This is particularly the case for the analyses of respiratory rate. The additional cut-off values for oxygen saturation have been arbitrarily chosen according to clinical relevance and also taking into account median values and ranges observed in the study population. RVD and death as a result of PE were locally adjudicated. As in all observation studies, treatment was left to the discretion of the attending physicians.
Our study has also some strengths. The first is the ease and the prompt availability of the examined predictors. Moreover, neither oxygen saturation nor respiratory rate are risk factors for bleeding. As patients at increased risk of death can be candidates for reperfusion strategies, it is important that predictors of death are not associated with an increase in bleeding risk. Finally, although our study is a by-product of different cohorts, it reports on original patient data.
In conclusion, our study provides evidence that risk stratification of PE patients can be improved by integrating respiratory features with the 2014 ESC model and supports the hypothesis of PE severity as a clinical continuum. After validation in different study populations, management studies are required to assess whether oxygen saturation may have a role in driving the care of intermediate-risk PE patients.
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